Given competing objectives vying for space in the marine environment, the island of Bermuda may be an ideal candidate for comprehensive marine spatial planning (MSP). However, faced with other pressing issues, ocean management reform has not yet received significant traction from the government, a pattern seen in many locations. Spatial planning processes often struggle during the proposal, planning, or implementation phases due to stakeholder opposition and/or government wariness to change. Conflict among stakeholders about management reform has also proven to be a deterrent to MSP application in many locations. With these obstacles in mind, a detailed stakeholder survey was conducted in Bermuda to determine awareness, attitudes and perceptions regarding ocean health, threats to ocean environments, the effectiveness of current ocean management, and possible future changes to management. How perceptions vary for different types of stakeholders and how attitudes about specific concerns relate to attitudes about management changes were examined. Overall, the results indicate a high degree of support for spatial planning and ocean zoning and a high level of concordance even among stakeholder groups that are typically assumed to have conflicting agendas. However, attitudes were not entirely homogeneous, particularly when delving into details about specific management changes. For example, commercial fishers were generally less in favor, relative to other stakeholder groups, of increasing regulations on ocean uses with the notable exception of regulations for recreational fishing. Given the results of this survey, public support is likely to be high for government action focused on ocean management reform in Bermuda.
Introduction
As coastal populations continue to increase and there are a growing number of activities competing for space in the marine environment, many marine ecosystems are faced with intensifying conflicts among user groups [1, 2] as well as degraded marine resources and ecosystem health [2] [3] [4] [5] [6] . Often, marine activities and stressors are managed individually, which typically exacerbates the problem by failing to account for the cumulative impacts of interactions and conflicts among uses [7, 8] . Single-sector management can also deter the development of new uses like offshore renewable energy or offshore aquaculture due to the lack of an overarching regulatory and permitting framework [9, 10] . Additionally, a history of viewing marine systems as "common property" and "open access" has inhibited the development of spatial regulations and zoning and led to a "tragedy of the commons" in many places [11, 12] . In response, there is a growing movement for marine spatial planning (MSP), a place-based, multi-sectoral management approach that determines where and when human activities occur in marine spaces [13] [14] [15] . MSP considers how different uses interact with each other and the environment and attempts to balance ecological, economic, and social objectives, ideally reducing conflicts and resulting in more sustainable use of the oceans [13, 16] . In some cases of MSP, ocean zoning is used to specify what activities are allowed or prohibited in specific areas of the ocean [17, 18] . MSP and/or ocean zoning have been or are being adopted in many locations around the world [15, 19] , with the goal of developing more comprehensive and coordinated marine management in those places.
While the basic concepts of spatial planning may seem logical, various spatial planning processes have struggled or stalled during the proposal, planning, or implementation phases because of stakeholder opposition [20] [21] [22] . For example, a partnership between the Bermuda government and Pew Charitable Trusts to zone the outer portion of Bermuda's waters as a marine reserve has stalled following a public consultation [23] , partially due to opposition from some stakeholder groups. As another example, the first attempt to implement the California Marine Life Protection Act, which mandates a statewide network of protected areas, failed in large part because of strong negative public reactions to a closed door planning process with scientists and government representatives [24] . Stakeholder opposition to planning can be attributed to a lack of adequate engagement early in the process [25] , consequently failing to create stakeholder "buy-in" [26] ; a process that was not perceived as sufficiently democratic [27] ; or a wariness of or opposition to the process by government and/or industry groups [28] . Thus, a critical component of MSP is stakeholder engagement and a participatory process for plan development [29] [30] [31] [32] . Such engagement can reveal how stakeholders perceive ocean management issues, the effectiveness of current management, the changes that will be brought by MSP, and how these perceptions vary among different types of stakeholders, all of which can help inform the process moving forward. Furthermore, stakeholder concerns and priorities are often directly useful in guiding the scope, objectives, and key elements of a marine spatial plan [30] . Practical and local knowledge from stakeholders can be integrated with scientific knowledge to produce more relevant and effective environmental policy [25, 33, 34] , and there is evidence that stakeholder participation may result in better quality decision making and better management outcomes [25, 33, 35] . Lastly, research on stakeholder attitudes and perceptions early in the process can serve as a baseline against which to measure stakeholder attitudes towards ocean management issues in the future.
Bermuda is arguably a strong candidate for more comprehensive marine spatial planning and/or zoning. It is a small, isolated island in the middle of the North Atlantic Ocean with a high population density, significant coastal development, and a diversity of activities and competing objectives vying for resources and space in the marine environment. Furthermore, Bermuda's economic and social well-being has traditionally been tied to the ocean [36] . The majority of Bermudian residents use the nearshore ocean space as a recreational area for swimming, diving, fishing, and boating. As the number of recreational boats continues to rise, development of marinas and moorings around the island has also increased. There is a small artisanal, commercial fishing fleet; cargo ships that provide a weekly lifeline of foodstuffs, goods, and materials; seafloor cables that carry electricity and data; and cruise ships that deliver the majority of Bermuda's tourists. Marinebased tourism activities include diving (on shipwrecks and reefs), glass bottom boat tours, snorkeling, whale watching, boat rentals, jet ski tours, and swimming from beaches. Dredging activity occurs occasionally, particularly in the shipping channels, and land-based pollution to the marine environment occurs in the form of runoff, treated sewage (seepage and outfalls) and concrete-encased waste ash. Bermuda hosts the most northerly coral reefs in the Atlantic, providing a great source of economic and social value to the island including reef-associated tourism and fishing, amenity value for real estate, coastal protection, recreational and cultural value, and research and education [37] . While Bermuda's reefs are in good health relative to those of most Caribbean islands [38] , they face a variety of threats including impacts from tourism and shipping, poor water quality and sedimentation from pollution and coastal development, fishing, invasive species (namely lionfish), coral disease, and coral bleaching and other climate change impacts [39] . Additionally, Bermuda hosted the America's Cup in 2017, necessitating a variety of coastal and marine development projects. Lastly, there have been proposals for and interest in future marine installations of wind turbines, wave energy facilities, aquaculture, and seabed mining operations.
Historically, piecemeal marine management and numerous pressures in Bermuda have led to conflicts regarding use of the nearshore ocean [23] and concerns about degrading marine ecosystems [39] . Marine spatial planning has been identified as a future priority by some government departments in Bermuda [40] , has received Cabinet support in the recent past, and could be beneficial given the diversity of uses of the marine environment and threats to ocean health described above. Despite all of this, ocean management reform has not received the necessary traction at the top levels of government to move forward, due at least in part to many other pressing national issues including economic development, health care reform, and rising crime levels.
Given the discrepancy between the apparent need for and government commitment to MSP in Bermuda, understanding whether stakeholders would support such a process could be instrumental in shifting government priorities. Furthermore, the small size of the island makes a comprehensive analysis of stakeholder perceptions more tractable than in other locations with a similar degree of coastal development and competing ocean interests.
This study included a detailed stakeholder survey in Bermuda to determine awareness, attitudes and perceptions regarding ocean health, threats to ocean environments, the effectiveness of current ocean management, and possible future changes to management. The survey examined how perceptions vary for different types of stakeholders and how attitudes about specific concerns relate to attitudes about management changes. The results of this survey suggest specific recommendations for Bermuda in terms of how to communicate about MSP to different stakeholder groups; for which stakeholder groups mediation and consultation would be most valuable; for what issues there are conflicts versus widespread agreement in order to make the process more efficient; and for shaping the objectives of a future process should one move forward. Furthermore, this survey can serve as a model for other locations pursuing marine spatial planning and/or ocean zoning. Conducting a stakeholder survey, such as this one, preceding an MSP process can provide an important foundation for more effective, equitable and durable marine management plans.
Methods

Study location: Bermuda
The focal area for this study, the nearshore marine environment around Bermuda, was defined as the area from the coastline out to the 2000 m depth contour (Fig. 1) . This region contains the flat reef area surrounding the island known as the reef platform, the steep drop-off from the platform known as the reef edge, and the area around both the main island of Bermuda and the Argus and Challenger Banks. The total focal area is 2600 km 2 , including 550 km 2 of reef platform and 53 km 2 of land mass. Currently in Bermuda, there is limited coordination among ministries with responsibilities related to the marine environment and no comprehensive planning system, authority, or strategy operating below the mean low-water mark. Furthermore, marine-related legislation is scattered among various acts, orders, and regulations. There are some spatial management regulations in place, particularly protected areas for dive sites (mostly small areas surrounding ship wrecks) and spatial restrictions on boats and different types of fishing (e.g., seasonally protected spawning grounds, restricted areas for particular species and/ or fishing gears), although these protected areas have not been explicitly designed as or assessed for their functioning as a network [41] . In 2014, following a partnership with Pew Charitable Trusts to designate the outer portion of Bermuda's Exclusive Economic Zone (beyond the nearshore area considered here) as a no-take marine reserve, the Bermuda government conducted a public consultation about the potential reserve. However, the consultation did not result in an official position statement [23] and these efforts have since stalled despite apparent public support (although there was also opposition from stakeholder groups), suggesting hesitation by the government for progressive changes to marine management. Similarly, the Waitt Foundation and scientific partners (Bermuda Institute of Ocean Sciences and the Sustainable Fisheries Group at University of California Santa Barbara), as part of a formal partnership with the government, provided several years of financial and technical support for a nearshore marine spatial planning process, of which the survey reported here is one outcome, but there was not sufficient prioritization of MSP at the top levels of government and international support has since withdrawn from the island.
Stakeholder survey
A survey was developed to assess stakeholder perceptions of ocean health and marine management in Bermuda, including attitudes towards management changes such as marine spatial planning and ocean zoning. The survey primarily consisted of five-point Likert scale questions with some open-ended questions intended to elicit personal experiences and anecdotes. A key objective of the survey was to find potential conflicts or areas of agreement among marine interest groups. Respondents were asked to identify as one of the following key marine stakeholder groups: recreational shoreline user, recreational ocean/ boat user, commercial fisherman, tourism operator, utilities, shipping & transport, scientific research, government/management, or other. The recreational ocean/boat user category included recreational fishing from boats. All surveys were anonymous and included a series of demographic questions such as age, gender, income, and education (see Appendix A for complete survey). Age and income brackets were based on those used in the Government of Bermuda's 2010 census report [42] ; education brackets were adapted from the same report with high school level and below grouped together and a postgraduate level included.
Data collection took place between July 2015 and September 2016. Most surveys were conducted in-person by one of two on-site interviewers. A process of "snowball" or referral sampling was used, which was particularly useful in surveying commercial fishermen who were generally more difficult to identify and contact. The Bermuda Department of Marine and Ports Services facilitated recreational boat user participation by sending an email out to all registered boaters with a link to an online version of the survey. This online version was hosted by SurveyGizmo, a subscription web-based application. To ensure consistency across the two interviewers and online surveys, the survey was conducted using a set script during the in-person surveys and that participants read themselves for online surveys. A total of 117 completed surveys were collected and special effort was taken to achieve a distribution of respondents in each group that was roughly representative of current stakeholder proportions in Bermuda.
Data analysis
Respondents were permitted to skip questions they preferred not to answer, but surveys were not included in the analysis if the respondent only answered the first few questions and then stopped (applicable only to those responding to the online version of the survey). On average, for the surveys included (n = 117), respondents answered 98.3% of the survey questions. For all analyses, recreational shoreline users and recreational ocean/boat users were combined into a broader "recreational use" category and shipping & transport and utilities were combined into a broader "infrastructure" category (Table 1) . Given the small sample size for stakeholders under 20 years of age (n = 3), those responses were combined with the 20-29 age bracket (n = 12) into an "under 29" grouping. Similarly, the small number of respondents with less than a high school diploma (n = 3) were combined with high school graduates (n = 14) into a "K-12th grade" category ( Table 2) . Respondents were asked to provide an estimate in years of the length of time they had been a part of a particular stakeholder group (Table 1) , but many, especially recreational users, considered it a "lifetime" role. For these responses, the median age for that individual's age bracket minus 10 years (assuming they were not active in this role as a young child) was used as an estimate for years of experience. For example, a respondent in the 30-44 age bracket that noted their stakeholder group was a lifetime role was assigned 27 years of experience (37−10 = 27) .
Descriptive statistics were calculated using Excel 2013 software and statistical comparisons were conducted using R software (Version 3.2.3, R Foundation for Statistical Computing, https://www.R-project.org). A nonparametric Kruskal-Wallis test (KW; α = 0.05) was performed using the R package 'stats' to detect significant differences in responses based on stakeholder groups, given small sample sizes and non-normal distributions of responses. A post-hoc Dunn's test from the R package 'dunn.test' (https://cran.r-project.org/web/packages/dunn.test/index. html) was used for multiple comparisons between stakeholder groups (DT; α = 0.05). All statistical results are reported in terms of differences in medians (M), but descriptive statistics present mean responses. Principal components analysis (PCA) of the Euclidean distance between respondents was performed using the 'vegan' package in R (https://CRAN.R-project.org/package=vegan) in order to further explore attitudinal differences across stakeholder groups. Prior to performing PCA, survey data were evaluated and transformed using the 'powerTransform' function in R to meet assumptions of linearity and to diminish the influence of outliers [43] ; survey data were also scaled so that they would be amenable to PCA ordination [44] . Questions that did not contribute to a substantial increase in explained variance were removed in a backward stepwise fashion.
Results and discussion
Stakeholder dependence on marine resources
Even though all survey respondents belonged to an ocean stakeholder group, only 45% (n = 53) responded that their livelihood or business was directly dependent on the ocean while another 47% (n = 55) felt that their livelihoods were not dependent, but that the ocean contributed significantly to their quality of life. The remaining 8% (n = 9) described their relationship to the ocean as indirectly dependent. These results suggest variable economic and social reliance on Bermuda's nearshore space among stakeholders, although all are connected to some degree.
Ocean health
Ninety-one percent (n = 105) of respondents characterized the current health of the nearshore space as average to very good, but 79% (n = 91) responded that they expected it would deteriorate either somewhat or significantly over the next ten years (Fig. 2) . The positive perception of current ocean health agrees with ecological surveys that indicate that Bermuda's coral reefs are relatively "healthy" (in terms of higher coral cover, lower algal cover, and higher herbivore biomass) compared to many reefs throughout the Caribbean [38, 39] , and reef condition likely has benefitted from bans against parrotfish harvest (a key herbivore in the system) [45, 46] and cooler waters that are less prone to bleaching events given the more northerly position of the island. The pessimistic outlook for the future could be due to recent trends of decline for some habitat types (e.g., seagrass meadows [47] ) and is also likely related to the specific concerns stakeholders have for threats to the marine environment. Survey respondents stated that they were most concerned with sewage and land-based pollution, invasive species, and climate change, followed by overfishing and dredging and mining, in terms of their potential health impacts on the nearshore space (Fig. 3) . Sewage and other forms of land-based pollution are a significant challenge on a small but densely populated island like Bermuda; efforts to cull the invasive lionfish (a voracious predator on native fish larvae) have been highly publicized in Bermuda; and climate change is a huge concern to reefs worldwide because of the dual impacts of warming and acidification on corals. Therefore, given the awareness and focus on these particular threats to the marine environment, it is not surprising that most stakeholders expect ocean health to deteriorate over the coming decade. Lastly, it is worth noting that uses that currently do not exist in Bermuda, but are under serious consideration (wind and wave energy, offshore aquaculture), did not elicit much concern.
Despite generally high relative agreement of respondents regarding issues of concern, there were notable areas for which stakeholder groups had differing opinions. Concerns for the potential impacts of marina development on ocean health varied significantly among multiple stakeholder groups ( Tables S1 and S2 ). Government and infrastructure also differed significantly from one another. The variance in median opinions regarding marina development indicates an area where conflicting opinions could make regulation and management difficult. However, highlighting these differences prior to the MSP process can alert the government to potential issues, which provides the capacity to be proactive with mediation strategies.
Current marine management
When asked about their level of knowledge regarding ocean management issues, stakeholders reported being at least somewhat knowledgeable, with recreational users and conservationists perceiving themselves as the least knowledgeable, and government/managers and scientific researchers as the most knowledgeable (Table 3) . Current government management of the nearshore space was generally viewed as ineffective (Table 3) , even by the government/ management stakeholder group, with only infrastructure having an average response above "neutral", suggesting a need for significant management changes. Several stakeholders expressed concerns that ocean management issues are a low priority for the government and that the requisite framework for sustainable management of the nearshore ocean exists but that limited funding and lack of coordination has hampered the government's efforts to identify and prosecute those violating current regulations. Across multiple uses and issues of concern, many stakeholders suggested that there is a need for stronger enforcement of existing regulations. Stakeholders also suggested that government should do more to leverage partnerships with stakeholders, such as commercial fishermen and conservationists, to fill in informational and management knowledge gaps.
Survey respondents did not feel their input had an impact on marine management plans and policy decisions. Only government and management, infrastructure, and scientific research elicited an average score above "neutral" when asked if they feel their input is considered directly or indirectly when marine management plans and policies are developed (Table 3) . This is a concerning result given evidence that a sense of ownership in the policy process can help generate support for proposed regulations and encourage compliance with and self-enforcement of regulations [48, 49] . Indeed, stakeholders broadly agreed that there is a strong need in Bermuda for a central, consultative decision-making process around ocean activities ( Table 3) .
The general consensus that the government is not effective in managing ocean activities could indicate a need for more or different regulations and/or for better implementation of existing regulations. However, it must at least partially stem from insufficient regulations because more than half of the stakeholders surveyed indicated that a number of different ocean activities require more regulation than they currently receive (Appendix A: Fig. S1 ). However, increased regulation of individual activities will not necessarily address broader problems of user conflicts, and stakeholders on average felt that user conflicts tend to require government intervention as opposed to being resolved on their own (Table 3) . When examining which activities had the most widespread support for more or stronger regulations, the top ranked activity was waste disposal (Appendix A: Fig. S1 ), which is consistent with sewage and land-based pollution being ranked as the top ocean health concern (Fig. 3) , and is underscored by a number of high profile sewage outfall incidents in recent years. Other activities that received widespread support for additional regulation included seabed mining (there have been contentious proposals for Bermuda to engage in deep sea mining 
Table 3
Stakeholder knowledge of marine management issues and perceptions of the role and effectiveness of government management. All responses were based on 5-point Likert scales. Responses for knowledge of management issues ranged from 1 as "not at all knowledgeable" to 5 as "extremely knowledgeable"; opinions of government management ranged from 1 as "very ineffective" to 5 as "very effective"; whether stakeholders feel that their input is considered and whether they see a need for a consultative decision-making process ranged from 1 as "strongly disagree" to 5 as "strongly agree"; and the need for government in conflict intervention ranged from 1 as "conflicts almost always resolved on their own" to 5 as "conflicts almost always need intervention from government".
Stakeholder group
Stakeholder management knowledge Government effectiveness Input considered Consultative process Necessity of conflict intervention of rare earth minerals), boating (a moderate ocean health concern; responses might be driven more by safety rather than environmental concerns), and recreational and commercial fishing (overfishing was the fourth rated ocean health concern) (Appendix A: Fig. S1 ). Seabed mining, energy generation and aquaculture activities do not currently exist in Bermuda waters but have been discussed. As such, they were seen to require regulations that do not currently exist, with seabed mining scoring more highly presumably due to the greater potential for environmental damage. Activities that were selected least often for increased or strengthened regulation such as diving, research, and utilities were either considered fairly innocuous or already have comparatively robust regulations in place.
To identify sources of potential conflict among stakeholder groups in terms of future regulatory changes to marine management, multivariate differences among stakeholder groups were evaluated using a principal components analysis (PCA) of stakeholder attitudes towards increased or strengthened regulation. Differences in attitudes towards regulation of marine aquaculture, wind/wave energy, seabed mining, utilities, transport, commercial fishing, and recreational fishing yielded four important principal components (PCs) and explained the most variation in responses (78.84%; Table 4 ). Activities that generally received high stakeholder agreement about their regulatory requirements and therefore did not contribute substantially to the total explained variance, such as waste disposal, boating, tourism, research, and diving, were removed from the analysis. Of the ocean activities included in the final PCA, stakeholder groups generally agreed about their regulation needs, with no dramatic separation of groups in the PCA plots (Fig. 4) . However, some patterns of disagreement did arise. While conservationists, government officials, infrastructure managers, and researchers generally ordinated together towards more regulation, commercial fishermen favored regulation the least, except in the case of recreational fishing, as is demonstrated by the separation of commercial fishers from recreational users on the plot of PC2 vs PC3 (Fig. 4) . Commercial fishers in many geographic settings are often opposed to government intervention [e.g., [50] ], although in this case they are in favor of strengthening regulations for recreational fishing as a use that competes most directly for the same resource. Recreational users and scientists also ordinated towards no increase in regulation of recreational fishing, as opposed to government and conservation who favored increased regulation of recreational fishing. Otherwise, the broad consensus is promising and suggests new management policies could be implemented with a broad base of support from different ocean stakeholders.
Marine spatial planning and ocean zoning
At the time of the survey, government departments were working towards gaining Cabinet approval to launch a marine spatial planning process (an effort which has since been abandoned). No formal outreach about marine spatial planning had been conducted, and thus it was not surprising that stakeholders only reported being somewhat to moderately familiar with the concept of MSP, with a number of individuals particularly among commercial fishermen being completely unfamiliar (Table 5) . A survey like the one reported in this study can in part serve as outreach and education; after hearing brief overviews of MSP and ocean zoning (Box 1), responses for all stakeholder groups showed very strong support for MSP and slightly lower although still positive support for ocean zoning as tools for marine management change in Bermuda (Table 5) . Commercial fishing and recreational use had the lowest scores for the usefulness of ocean zoning (although not statistically significant differences from the other groups), possibly because of concern over losing key fishing grounds (for commercial and recreational fishers) or boating areas (for recreational users).
A marine spatial planning process typically starts by the identification of key management and planning objectives. These objectives can include conservation of marine habitats and species, conflict prevention between ocean users, and management of existing and new ocean industries, among others. Respondents prioritized conserving the marine environment, ocean pollution reduction, and productive fish stocks as the most important management objectives under a potential marine spatial plan for Bermuda (Fig. 5) . These priorities are consistent with the perception that ocean health is likely to decline in the near future and with the high level of concern over sewage and land-based pollution impacts and moderate concern for overfishing impacts (Fig. 3) , and also align with the high level of support for increased regulations for waste disposal and fishing (recreational and commercial) (Appendix A: Fig. S1 ). Pairwise comparisons did not reveal any significant differences (p > 0.05) in stakeholder attitudes across the top three priorities, indicating groups were in general agreement with one another regarding high priority objectives. However, there were significant differences in opinions regarding three of the four lowest Tables S1 and   S2 ). The survey also included potential priority uses related to the more specific case of ocean zoning (i.e., which uses should be zoned), and the top priorities were similar to those for MSP, with waste disposal and marine conservation/protection given the highest priorities, followed by offshore energy generation (wind or wave energy), commercial fishing, and research/monitoring (Appendix A: Fig. S2 ). When zoning for conservation/protection (i.e., the "use" ranked second), zoning is typically in the form of marine protected areas (MPAs). In Bermuda, MPAs have been implemented to protect fish spawning grounds and key habitats, as well as shipwrecks that are used by the tourism industry as diving and snorkeling sites. These latter MPAs can be controversial because they can encroach on traditional commercial fishing grounds and high numbers of divers and snorkelers in the water can degrade the reef (e.g., through divers contacting the reef, debris, pollutants, etc.), pose boating hazards, and disrupt fishing gear. Despite the issues surrounding MPAs in Bermuda, all stakeholder groups agreed on their importance in a marine management plan (consistent with the high prioritization placed on zoning for conservation), and, on average, all stakeholder groups agreed that the area dedicated to MPAs should be increased (Appendix B: Table S3 ).
Stakeholder groups were even more consistent in their responses regarding ocean zoning objectives than they were for MSP objectives (Appendix B: Tables S1 and S2). Opinions regarding zoning priorities might have been more homogenous because zoning is a more clearly defined strategy, with activities either being confined to specific locations (i.e., zoned) or not managed spatially. In contrast, marine spatial planning can include a broader suite of regulations and policies in addition to zoning (Box 1), and thus stakeholders may be more likely to 
Table 5
Stakeholder familiarity with and support of marine management strategies. Responses for marine planning familiarity were based on a 4-point Likert scale with 1 as "Never heard of it" and 4 as "Very familiar". Responses for marine planning and ocean zoning usefulness were based on a 5-point Likert scale with 1 as "Not at all useful" and 5 as "Very useful". 
Box 1
Definitions of marine spatial planning and ocean zoning provided to survey respondents (see Supporting Information for complete ocean zoning description).
Marine spatial planning: an approach to create a forward-looking plan for a community's ocean spaces in order to achieve ecological, economical, and social objectives. The process of creating a plan incorporates many different stakeholder groups and tries to reduce the potential for conflict among groups on the ocean. A marine plan can also provide a central framework for making decisions on proposed marine activities in order to consider the needs of the various other marine stakeholders.
Ocean zoning: a component of marine spatial planning and an adaptation of land use zoning that specifies the allowed or disallowed activities in different areas of an ocean space. Marine protected areas are an example that typically disallows activities. But other ocean zones can highlight areas that are suitable for particular activities, such as wind or wave energy. Zoning may not be necessary for every activity, and zones can allow multiple activities together. have divergent views of priority objectives.
In comparing the alignment between stakeholder concerns regarding threats to ocean health (Fig. 3) to priorities for MSP and ocean zoning, the highest ranked stakeholder concerns for the marine environment pose challenges within the scope of MSP and zoning. Climate change is a global issue and invasive species are a regional problem in the Caribbean and North Atlantic, therefore, a site-specific spatial plan can do little to directly address these issues. Additionally, sewage and land-based pollution come from terrestrial sources and would require substantial changes to management practices on land, such as enhanced sewage treatment and/or switching from sewage outfalls to deep disposal boreholes, both of which are being pursued by the government. While MSP might not be able to directly solve or mediate these issues, it could help alleviate the impacts of activities like overfishing, dredging, and boating traffic, leading to more resilient marine ecosystems that can better respond and adapt to regional, global, and land-based pressures. However, it is also likely that other management strategies will be required to fully address these concerning issues. On the other hand, the lack of concern over potential emerging uses like marine aquaculture and offshore energy is difficult to interpret; stakeholders may perceive these activities as not being detrimental to ocean health, may trust existing permitting processes and regulations to prevent unsustainable development of these activities, and/or may view these activities as unlikely in Bermuda's near term future. Slightly over half of all stakeholders felt that marine energy generation and aquaculture require more regulations (Appendix A: Fig. S1 ), suggesting that regulations for these emerging activities may need to be strengthened even though they did not rank high in terms of ocean health concerns.
Conclusions
While the implementation of marine spatial planning and ocean zoning can address ocean health and regulation concerns for Bermuda's nearshore ocean, conflicting opinions regarding issues like overfishing or marine development can stall key components of a proposed plan and create distrust among opposing stakeholder groups. Identifying potential conflicts before the MSP process begins can inform strategic consultation and mediation regarding contentious topics and, ideally, expedite decision making. Furthermore, finding common ground on bigger priorities, such as waste disposal and pollution and marine protected areas, can generate momentum for the process as well as encourage trust between stakeholders which can be leveraged in discussions of more divisive issues in the future.
Even though stakeholders in Bermuda tend to think marine spatial planning is a useful management strategy for their nearshore space, the feeling of exclusion from the decision-making process could make implementation of a new marine management strategy difficult. As such, it is important to understand stakeholder groups' knowledge and opinions of current ocean management when devising new marine policy. This approach is an integral means of obtaining first-hand knowledge of the dynamics of human uses on the water as well as a way of being transparent about the process, both of which are critical to garnering stakeholder support and, ultimately, to an effective marine management plan.
